Objective: To examine patient and parent understanding of infertility risk (relative to oncologists' risk ratings) among adolescents newly diagnosed with cancer, and to identify background factors related to inaccurate reporting/estimating.
| BACKGROUND
With increasing survival rates among youth diagnosed with cancer, more attention has focused on physical late effects among long-term survivors. One commonly reported late effect is impaired fertility, especially among survivors treated with alkylating agents and pelvic/ cranial radiation. 1 Therefore, fertility preservation prior to treatment initiation has been emphasized, but it remains underutilized in the pediatric setting. 2, 3 This underutilization may be due to the attitudes, knowledge, and beliefs of families and providers, as well as time, institutional, and/or financial constraints. 3, 4 However, if fertility preservation can be offered, utilization may largely be influenced by whether patients and parents accurately understand providers' communication about infertility risk or personal beliefs, which could affect decision making regarding preservation and treatment.
Previous studies indicate that a cancer diagnosis during childhood/ adolescence can be stressful for the entire family. 5 Therefore, handling extensive medical information and anticipating future health problems may be outside the scope of what patients and parents can fully process at the time of diagnosis. Studies among families of survivors of childhood cancer indicate that parents felt unprepared for various late effects 6, 7 and desired more information from providers. 8 Studies on awareness around infertility as a potential late effect are scarce, and to what extent parents and patients accurately understand risk is unclear. It was indicated that at diagnosis (ie, when preservation decisions need to be made), future fertility may be a less relevant concern among patients and/or parents, [9] [10] [11] as treatment initiation/cure is prioritized. Nevertheless, many patients desire having children in the future 11 and rate it as an important life goal. 12 Over time, survivors may adopt an attitude of wait-and-see regarding their fertility, 9, 13 although many also actively worry about infertility. [14] [15] [16] [17] [18] [19] Importantly, research has shown survivors value both fertility-related information at diagnosis and the opportunity of choosing to engage in fertility preservation, regardless of their decision. 20 Concurrently, long-term survivors who did not have, or do not remember such conversations with their providers, report regret in hindsight 21 and increased worry, which may affect overall well-being. 22 This study examined adolescents' and parents' infertility risk per- yes/no).
Adolescents were further asked to rank whether having children in the future would be a priority in their lives (coded as included in top 3 life priorities vs not). All participants rated their level of anxiety during the previous week (ie, when diagnosis and fertility-related discussions occurred) using the anxiety subscale of the Symptom Checklist 90-R. 24 This subscale contains 10 items, and participants' responses were transformed into standardized age-and sex-specific T scores (Table 1 ).
| Statistical analyses
Accuracy of infertility risk reports (ie, agreement between adolescent/ parent report and oncologist rating) was tested using Cohen's kappa (κ), as it adjusts for agreement by chance. 25 Based on the distribution of responses, adolescents and parents were grouped into underreporting, overreporting, or accurately reporting the patient's risk for infertility relative to their oncologist. We further checked whether underreporting/overreporting/accurate reporting were clustered within families using kappa. Coefficients less than .20 were considered poor agreement, .20 to .40 as fair, .40 to .60 moderate, and greater than .60 substantial. The same analyses were conducted for infertility risk estimates:
thus, testing adolescents' and parents' estimates against the oncologists' rating, testing whether estimates clustered within families, and running regression analyses as specified above.
Finally, agreement between risk reports and estimates was examined using kappa among adolescents and parents, respectively.
3 | RESULTS
| Infertility risk reporting
Oncologists rated many adolescents (n = 42/102; 41.2%) at moderate risk for future infertility. Similarly, half of adolescents (n = 51/102; 50.0%) and most parents (n = 44/74; 59.7%) reported their oncologist had categorized their risk as moderate (Figures 1 and 2 ). Nevertheless, agreement between adolescent and oncologist risk report was poor (κ = .079, P = .235), and most adolescents (n = 61; 59.8%) reported their risk inaccurately (ie, 43.1% underreported, 16.7% overreported; Table 2 ). Parents also had poor agreement with the oncologists (κ = .122, P = .104), with the majority (n = 43; 58.1%) reporting risk inaccurately (ie, 35.1% underreported, 23.0% overreported; Table 2 ).
Agreement within families was moderate (κ = .578, P < .001), with 
| Infertility risk estimation
Among all participants (who reportedly had fertility-related conversations with their provider but irrespective of what they have been told), a substantial portion of adolescents (n = 48, 47.1%) estimated their infertility risk as low, while most parents (n = 38, 51.4%) estimated moderate risk (Figures 1 and 2) . Accordingly, agreement between oncologists' rating and adolescents' estimate was poor (κ = .040, P = .532), and most adolescents (n = 65; 63.7%) incongruently estimated risk (ie, 51.0% underestimated, 12.7% overestimated; Table 2 ).
Similarly, agreement between parents' risk estimates and the oncologists' rating was poor (κ = .088, P = .230), as most parents (n = 46; 62.2%) underestimated (39.2%) or overestimated risk (23.0%; 
| Risk report versus estimates
Adolescents' risk report and estimates were rather strongly correlated (ρ = .701; P < .001). The majority of adolescents (n = 77; 75.5%) endorsed the same category when reporting and estimating potential infertility risk. However, 19.6% (n = 20) estimated their risk lower than they had reported (based on provider communication), while 4.9%
(n = 5) estimated their risk higher than they initially reported. Similarly, parents' risk reports and estimates were moderately to strongly related (ρ = .659, P < .001). Most parents (n = 55; 74.3%) reported and estimated the same risk categories, while 16.2% (n = 12) estimated lower and 9.5% (n = 7) higher risk than they had reported.
| CONCLUSIONS
This study examined infertility risk reporting and estimates among families of adolescent males newly diagnosed with cancer within days of receiving fertility-related information rather than retrospectively assessing risk understanding months or years after diagnosis. Accurate risk reporting and congruent estimates were rare, and few factors associated with inaccuracies were identified.
Numerous adolescents and parents underreported and underestimated risk, which could result in distress following treatment if survivors discover they are infertile. It may also cause regret or resentment in hindsight if, for example, risk had been underestimated and families opted against fertility preservation. In contrast,~17% of adolescents and 23% of parents overreported and/or overestimated risk, which can also significantly affect survivors' well-being (eg, unnecessary worry/concern or unplanned pregnancies if incorrectly assuming to be infertile). Thus, there should be a general focus on accurate understanding among families of youth with cancer to prevent both inflating and downplaying potential fertility problems.
Importantly, if family members are not in agreement about risk, it could also hinder communication within families about fertility-related decisions/preservation.
It is of particular concern that risk reporting was in poor agreement with oncologists, while risk estimates were even more discrepant.
Although most participants reported and estimated the same risk categories, up to 20% of adolescents estimated a lower risk than they had initially reported based on provider communication. Additionally, it is of greater concern that the 102 adolescents and 74 parents who recalled fertility-related conversations with their oncologist were just as likely to incongruently estimate risk as those who did not report such conversations. Several adolescents and parents also reported "no" risk (although all were at increased risk per oncologists' ratings), which doubled among adolescents and increased 5-fold among parents when estimating risk (Figures 1 and 2 ). All of these findings indicate that there are barriers to receiving accurate information, potentially including disbelief/distrust in providers' risk assessment, difficulties processing information at the distressing time of diagnosis, a focus on other aspects of diagnosis/treatment, and/or a need for families to remain hopeful while undergoing treatment. Research among adults has, for example, shown that trust in primary care physicians increases over time, 27 and as adolescents in this study were newly diagnosed, More clinical and research attention is needed to examine factors relevant to the understanding of fertility-related late effects and how it relates to fertility preservation decision making among youth with cancer and their families.
